ABSTRACT We compared light microscopy examination and a semi-nested multiplex PCR (SnM-PCR) assay in endemic areas of the Islamic Republic of Iran. A total of 68 individuals with malaria-positive and suspected malaria symptoms were included in the study. Giemsa-stained thick blood films were examined under a light microscope for malaria parasites in 100 and 200 fields. DNA was extracted from blood samples and SnM-PCR based on the amplification of the small sub-unit ribosomal RNA (ssrRNA) gene sequences was applied. Microscopical examination showed that 48.5% (33.8% P. vivax and 14.7% P. falciparum) and 50% (35.3% P. vivax and 14.7% P. falciparum) of the samples were positive in 100 and 200 fields respectively. SnM-PCR showed the same results as the 200 field microscopy. 
Introduction
According to the latest report released by the World Health Organization, 247 million people were affected with malaria in the world and nearly one million deaths due to the disease were recorded in 2006 [1] . Four species, Plasmodium falciparum, P. vivax, P. malariae and P. ovale are causative agents for malaria in humans. Drug selection for an effective and suitable treatment of malaria depends on precise laboratory identification of the species, and conventional light microscopy detection in Giemsa-stained thick and thin blood films is still considered the gold standard method [2] . Differentiation among species and observation of morphological changes caused by recent treatment are some advantages of the microscopy method [3] . Although this procedure is cheap and simple, it is time consuming and requires a well trained microscopist. Moreover, in cases of low parasitaemia and misdiagnosis in mixed infection, the risk of severe disease may be increased, particularly in falciparum malaria [4] [5] [6] . Therefore, in recent years many alternative approaches such as rapid diagnostic tests (RDTs) and polymerase chain reaction (PCR) methods have been developed for detection and identification of malaria parasites [7] [8] [9] . These procedures have some advantages as well as a few disadvantages [9] . PCRbased methods are not able to evaluate parasite morphology through the developmental stages [10] .
This study was conducted to compare semi-nested multiplex (SnM)-PCR and the microscopical method in 100 and 200 fields of thick blood films for diagnosis of malaria parasites. The examination of 100 oil immersion fields is usually a standard criterion for routine purposes of malaria parasite identification [11] . Examination of 200 oil immersion fields is recommended in areas with relatively low degrees of parasitaemia [12] .
Methods

Study area
This study was undertaken from November 2006 to July 2007 in the Minab and Bandar-Abbas districts in Hormozgan province and Iranshahr district in Sistan and Baluchistan province, both malarious provinces, located in the south and south-eastern part of the Islamic Republic of Iran respectively.
The weather in these provinces is usually warm and humid. Nearly 80% of the detected cases of vivax and falciparum malaria come from these parts of the country (Annual report of Centre for Disease Management in Iran ). P. vivax is the predominant species and P. falciparum the second commonest in these areas.
Sample collection
We selected 3 health centres as passive sentinel sites for sampling in each district. A total of 68 individuals (56 from Hormozgan, 12 from Sistan and Baluchistan provinces) aged 2-60 years, comprising 18 females (26.5%) and 50 males (73.5%), were enrolled in the study: 34 of the considered cases were microscopical malaria positive and the other 34 cases were selected with suspected symptoms of malaria to optimize the SnM-PCR method. At the same time, before treatment, 2 Giemsa-stained thick films were made from each patient and venepuncture blood was collected in tubes containing EDTA for microscopical examination and SnM-PCR assay (1 mL for each). The venepuncture blood samples were stored at -20 °C until DNA extraction could be carried out.
The number of samples needed was calculated based on 11% disagreement between PCR and microscopical examination for diagnosis of P. falciparum and P. vivax [13] with 95% confidence level and 80% power [14] .
Microscopy
Thick blood films were air-dried and stained for 30 min in 3% diluted Giemsa stain (pH 7.2). The slides were then rinsed with tap water and air-dried.
Thick films were diagnosed by skilled local microscopists at the place of sampling. All the slides were examined under × 1000 magnification for 100 and 200 oil immersion fields. In line with the aim of this study, a plus system of counting was used to determine parasitaemia: a code of 1-4 plus signs (+) was used 
DNA extraction
DNA was extracted from 200 μL EDTA whole blood with the FlexiGene DNA Kit (Qiagen, Hilden, Germany) according to the manufacturer's instruction. DNA samples were stored at -20 °C until PCR could be carried out.
S n M -P C R w a s p e r f o r m e d with primers described previously [13] , with some modifications. The primers that were used, (DNATechnology, Aarhus, Denmark) comprised a reverse primer (UNR) (5′-GACGGTATCTGATCGTC TTC-3′) that would hybridize to all Plasmodium spp. and a wide variety of vertebrates, 2 forward primers that hybridize to mammals (HUF) (5′-GAGCCGCCTGG ATAC-CGC-3′) or to all Plasmodium spp.
(PLF) (5AGTGTGTATCAATC-GAGTTTC-3′) and 2 other reverse primers (FAR) (5′-AGTTCCC CTA-GAATAGTTACA-3′) hybridize only to P. falciparum and (VIR) (5′-AGG ACTTCCAAGCCGAAGC-3′) which hybridizes only to P. vivax.
PCR amplification
This method has 2 main steps: a first amplification with specific Plasmodium primers for ssrDNA and a second amplification having 2 separate amplifications with independent pairs of primers for P. vivax and P. falciparum [13] . In the first reaction, using UNR, HUF, and PLF primers, we expected to have 2 products: a 231 bp band from UNR-HUF (the positive control for all samples), and a band of 787 bp resulting from UNR-PLF which shows the presence of any Plasmodium spp.; this band detected only parasitaemia of more than 3% (Figure 1 ).
In the second reaction, which identifies Plasmodium spp., the PLF, FAR and VIR primers were used. A band of 395 bp with PLF-FAR indicates P. falciparum infection and a band of 499 bp with PLF-VIR indicates P. vivax infection (Figure 2) .
The first amplification reaction was performed in volumes of 50 µL and 2 µL of isolated DNA that were added to a PCR Master Mix, containing 1.75 mM MgCl 2 , 200 µM dNTPs, 25, 25 and 10 pmol of UNR, PLF and HUF primers respectively, and 1.0 U of Taq polymerase (Roche Biotech) in the PCR buffer. The second PCR reaction was performed in 25 µL and 2 µL of 1/500 diluted PCR product from the first reaction, which were added to a PCR Master Mix containing 1.75 mM MgCl 2 , 200 µM dNTPs, 25, 10, 10 pmol of PLF, FAR and VIR primers respectively and 0.5 U of Taq polymerase (Roche Biotech) in the PCR buffer. Reactions were overlaid with 25 µL mineral oil. A thermal cycler (Techne, United States of America) was used for both reactions with some modifications in the cycling programmes. Reaction conditions (first reaction) were denaturation at 94 °C for 4 min. followed by 35 cycles of 94 °C for 45 s, 48 °C for 1.5 min and 72 °C for 2 min. plus an extension at 72 °C for 8 min. The second PCR condition followed with initial denaturation at 94 °C for 3 min. and 35 cycles of 94 °C for 30 s, 48 °C for 30 s and 72 °C for 1 min plus an extension at 72 °C for 5 min. PCR products were stained with ethidium bromide for visual detection by ultraviolet transillumination, and resolved by 1% agarose gel electrophoresis for both reactions.
Genomic DNA from healthy individuals, with no history of malaria, living in non-endemic areas of the country were prepared and used as negative controls in all PCR assays. A P. berghei DNA sample was also used as the positive mammalian control, which gave a UNR-HUF band on the first amplification but no band on the second one.
Results
The comparative diagnosis results of P. vivax and P. falciparum between SnM-PCR procedure and microscopic method are summarized in Tables 1  and 2 . Conventional microscopy on 100 fields of thick blood smears identified 23 (33.8%) of the cases as P. vivax and 10 (14.7%) as P. falciparum ( Table  1) . In contrast 24 (35.3%) were identified as P. vivax and 10 (14.7%) as P. falciparum on 200 fields of thick blood smears (Table 2) . Using SnM-PCR the same results were obtained as for 200 fields of microscopical examination. To demonstrate the parasitaemia situation, the results for counting parasites in 100 thick smear fields are tabulated in Table  3 . Meanwhile, 1 thick smear of P. vivax which was negative in 100 fields became 1+ when counting was carried out on up to 200 fields.
McNemar analysis showed significant agreement between the results for the SnM-PCR method and 100 fields (kappa = 0.97, P = 1.00) and also 200 fields (kappa = 1.00, P = 1.00) microscopical examination.
In order to confirm the SnM-PCR results and the specificity assurance of this method, 3 isolates were randomly sequenced by MWG Biotech (Ebersberg, Germany) and submitted in the National Center for Biotechnology Information (NCBI) gene bank databases as: IRN-BV1 (accession number: EU551666, P. vivax from Bandar-Abbas district, Hormozgan province), IRN-SF1 (accession number: EU551667, P. falciparum from Sistan and Baluchistan province), IRN-BF1 (accession number: EU551668 P. falciparum from Bandar-Abbas district, Hormozgan province)
Discussion
Since the latter part of the 19th century the microscope has been used as an useful tool for the detection of P. falciparum [16] and it is still considered the best tool for the diagnosis of malaria parasites in most malarious areas. The emergence of novel and sensitive techniques based on molecular studies such as PCR means the accuracy of light microscopic diagnosis of malaria parasites has become more or less negotiable by some researchers.
Results from a study in a malaria-endemic but unstable transmission district showed that 158, 89, 8 and 25 out of 280 Giemsa-stained slides examined with light microscope were P. vivax, P. falciparum, mixed (P. falciparum and P. vivax) and negative cases respectively [17] . Using nested PCR assay for the same blood samples resulted in 145, 79, 41 and 15 P. vivax, P. falciparum, mixed and negative respectively The same pattern of results was found in another Iranian study [18] , i.e. PCR lowered the detection of P. falciparum and P. vivax positive cases compared with microscopy. Another comparative study showed a pattern of results different from these 2 for P. vivax and P. falciparum, i.e. PCR increased the detection of positive cases: out of 174 Giemsa-stained slides examined with the light microscope 40 were P. falciparum, and 26 were P. vivax; using nested PCR assay on the same samples, 50 were P. falciparum and 31 P. vivax [2] . Tham et al. showed that out of 52 samples 16, 34 and 0 were diagnosed as . PCR assay was considered equivalent to light microscopy method in the diagnosis of P. falciparum and P. vivax.
In the present study we compared PCR technique with conventional microscopy. Our findings showed that there were no significant differences between PCR assay and microscopical examination for malaria diagnosis if the thick blood smears were examined precisely in at least 100 fields by a trained microscopist.
The results of microscopical examination of 200 fields were closer to the results of PCR than 100 fields of thick blood films. In fact, microscopical diagnosis of malaria parasites depends primarily on the skill of the personnel and the quality of the materials and equipment.
In conclusion, although PCR is a valuable method for detecting malaria parasites, particularly in low-level parasitaemia, microscopical diagnosis still retains its unique usefulness for detection of malaria parasites, particularly in rural areas where the PCR technique is not available. Moreover, microscopy in combination with PCR can generate a more reliable approach to identifying malaria parasites when there is a need for more specific results in a particular situation.
